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EXECUTIVE SUMMARY 
Munger-Poonian Land and Farming Company, located near Delano, installed a buried drip system 
on 178 acres of an established pistachio orchard in 1994. The amount of the CEC loan was 
$150,000. 
The installation of the drip irrigation system on the pistachios provided significant improvements 
in the amount of water use, energy required and yield increases.  The grower provided excellent 
access to the field and data in order to evaluate the system. 
The primary lessons learned from this project included: 
•	 A major reason for the improved performance of the drip irrigation system on 
pistachios is the reduced incidence of Alternaria disease.  Prior to drip, the yields were 
significantly impacted by Alternaria, causing the hull to dry and staining of the inner 
nuts. The drying made the nuts difficult to shake off of the tree. The staining 
dramatically reduced the price for the nuts. The combination of these factors resulted 
in losses of about 500 pounds per acre on sprinkler or surface irrigated systems. 
•	 The results indicate minor benefits in using subsurface drip compared to surface drip. 
Water penetration problems existed on all the trials, but are particularly difficult on the 
buried drip. The water penetration problem is related to water chemistry. 
•	 The magnitude of root damage which occurred during the installation of the system 
was large but not totally unexpected. The data seem to indicate that there was an 
influence of the shanking on the yield of the trial plots for the first year. 
The water and energy use efficiencies can be summarized as follows . 
Item Before CEC Project 1994 % Change 1995 % Change 
Water Use (AF/acre) 4.7 3.4 -28% 3.5 -26% 
Energy Use (MBtu/acre) 6.7 3.7 -45% 3.7  -45% 
Yield (Tons/acre) 0.9 1.8 100% 1.6 78% 
Water Use Efficiency (Tons/AF) 0.19 0.53 179% 0.46 144% 
Energy Use Efficiency (Tons/MBtu) 0.14 0.49 260% 0.43 230% 
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Item Before CEC Project After CEC Project Avg. Avg. % Change 
Water Use (AF/acre) 4.7 3.45 -27% 
Energy Use (MBtu/acre) 6.7 3.7 -45% 
Yield (Tons/acre) 0.9 1.7 89% 
Water Use Efficiency (Tons/AF) 0.19 0.5 162% 
Energy Use Efficiency (Tons/MBtu) 0.14 0.46 250% 
Average water and energy use efficiencies show significant gains over the previous furrow system. 
However, there is a decrease in yield and a slight increase in applied water between 1994 and 
1995 (not unusual for pistachios, which are known for alternate-year yield fluctuations). The 
averaged data reflect these results: 
• A 27% drop in the applied water of the drip system compared to the furrow system. 
• An 89% increase in yield production and gross income. 
• A savings  in total energy of 45% over the historical furrow irrigation system. 
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BACKGROUND 
Munger-Poonian grows several crops in the southern San Joaquin Valley.  The company grows 
pistachios, almonds, apples, and watermelons, and is currently involved with the California Energy 
Commission’s low-interest loan program for the installation of a buried drip system on an 
established pistachio orchard near Delano, California.  Pistachios are harvested the first week of 
September and operations are based on the harvest year of September 1-August 31. Irrigation is 
suspended 2 weeks prior to the harvest date. See Figure 1 for the location of the project field. 
North 
Field Layout 
Delano 
Highway 99 
Project 
Field 
Avenue 24 
Road 192 
Submains 
Pump 
Station 
Figure 1. Munger-Poonian Farms:  CEC Project Location Map. 
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Hydratec (from Delano) designed the system with two blocks which are irrigated independently. 
The total field size is 178 acres; approximately 8.5 acres are devoted to the demonstration trials 
The total field size is 178 acres; approximately 8.5 acres are devoted to the demonstration trials in 
this project. The row spacing in the field is 20 ft, and the tree spacing is 16 ft. A hose (0.570” ID 
and 0.670” OD) with Netafim RAM 0.58 GPH/emitter was used with a 34” emitter spacing.  The 
minimum emitter pressure was designed for 12 psi.  There are two hoses per tree and the flow 
rate per tree was designed at 6.96 GPH. The pump flow rate is 1,478 GPM with 36 psi at the 
discharge. The filtration system utilized FloGuard sand media filters with #20 crushed silica. 
Because the emitter is not impregnated with Treflan, the grower must periodically inject 
Trifluralan-5 to inhibit root intrusion of the emitters. 
Installation was started in April 1993. The amount of the CEC loan was $150,000. The loan was 
originally intended for the installation of a pump/filter station, buried mainlines, and buried drip 
tubing. The actual cost of the installation for the dealer supplied components was $241,000. As 
a result of discussions between the CEC, ITRC, and the growers, it was decided to not require 
that all of the tubing be buried until more was known about the best buried configuration. 
Therefore, this design is mostly above-ground hose, with several trials of different buried hose 
configurations. The grower has since converted his other furrow systems to above-ground drip. 
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SUBSURFACE DRIP TRIALS
 
Since very little data exists on the proper depths and placement of buried drip hoses on permanent 
crops, it was agreed to set up a two year demonstration involving various hose depths and 
placements to determine the most appropriate installation in an established orchard. The second 
year of that demonstration has been completed. A subcontract was provided to Blake Sanden of 
the UC Cooperative Extension in Bakersfield to take soil moisture readings throughout each 
season and yield data at the end of each season. Blake also participated with the ITRC and CEC 
in a one day workshop in the Fall of 1994 in which growers were taken to the farm to see the 
trials. 
Observations regarding surface moisture and weeds, subsurface soil moisture monitoring, and 
yield data (quantity and quality) were gathered for each treatment. This data was intended to 
increase the amount of information regarding buried drip irrigation systems on permanent crops-­
not only the differences between treatments, but also the practical aspects with installing and 
maintaining similar buried drip systems. 
There were four treatments set up for evaluation. One system was the conventional surface drip 
irrigation system. Two of the treatments were buried systems with two hoses per tree row; one 
was buried at 12” and the other at 18”. The fourth treatment had one hose on the surface at the 
base of the trees with another hose buried at 18” in between the tree rows. The first year yield 
results appeared to be impacted by root damage which occurred during the shanking of the drip 
tubing on the buried systems. Table 1 reflects the total in-shell yields. Prior to the CEC project 
the average yields were estimated at 1,800 lbs/acre. 
Table 1. Munger- Poonian Pistachios - Yield on Trial Plots. 
1994 Gross 1995 Gross 1994 and 1995 
Yield Yield Averaged Gross 
Yield 
Buried 12" (two hoses)
 
Buried 18" (two hoses)
 
Combination - Surface and buried 18"
 
Control (drip on surface only)
 
2,811 lbs/acre 3,246 lbs/acre 3,029 lbs/acre 
3,322 lbs/acre 2,614 lbs/acre 2,968 lbs/acre 
3,856 lbs/acre 2,824 lbs/acre 3,340 lbs/acre 
3,601 lbs/acre 3,122 lbs/acre 3,362 lbs/acre 
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The only method to out-perform the control was the combination system in 1994. The primary 
reason for the poor performance of the two buried systems was probably the root pruning that 
occurred during installation. The shanking of the drip lines next to the tree rows caused enough 
damage to the roots to affect the yields. Results for the 1995 season illustrate the extent of the 
problem. The deeper 18" installation caused much heavier root pruning and brought about the 
lowest nut production at 2,614 lbs/acre.  The grower noted this installation procedure also caused 
the greatest reduction in tree vigor. Root pruning at the 12" installation was much less severe and 
the higher yields of 3,246 lbs/acre indicate a much smaller impact on the trees. This seems to 
indicate a correlation between hose burial depth and nut yield. Also, the 1995 data seem to 
indicate that the 12 inch buried installation is in a recovery phase.  This can be seen by the rise in 
yields between 1994 and 1995 of 2,811 lbs/acre and 3,246 lbs/acre respectively. 
Data was collected for analysis to determine the effectiveness of the different trials. The 
following section details the observations made primarily at the demonstration plot. 
Phase 1:  Determination of Treatments 
In February 1994, the ITRC met to discuss the various possibilities of treatments for the buried 
drip trials on an established pistachio orchard. Initially, those involved planned to have five 
treatments:  a hose buried at 6”, 12”, 18”, hoses placed on the surface, and a treatment of one 
hose on the surface at the base of the trees along a row with another hose buried at 18” in 
between the tree rows. Each treatment would have four replications, and each replication would 
have 4 tree rows. At first, it was decided that the placement of the hoses would be 4 ft from the 
tree. 
One challenge was setting up replications which would fill one trailer at harvest so that each 
trailer could be taken to the processing plant individually. This would facilitate accurate quantity 
and quality data. The question was whether treatments containing one hose (one-half tee, with 18 
trees) would be sufficient, or whether the treatments should run the entire length of a hose (one 
full tee, with 39 trees). It was decided to utilize the full length of hose for the trials. 
Since a cover crop is planted and disking would eventually occur between the rows, it was feared 
that the disk would interfere with the hose at the 6” depth. It was decided to remove the 6” 
treatment from the experiment. Attachment 1 contains the final placement locations and layouts 
of the trials. 
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Phase 2:  Installation of Hoses 
The main concern with this project, was the extent of root damage which would be incurred from 
installing hoses at the 18” depth. After much adjustment of the wheel gauges and shovel work to 
determine the actual installed depth, the tractor proceeded to install the drip tubing. At 10 trees 
down the row, a loud popping noise was made as tree roots were being torn apart. The tractor 
stopped, and workers began shoveling to determine the damage. A 6 ft long root with a diameter 
of 5” had been pulled directly from a tree’s crown. In addition, several other roots had been 
caught on the chisels. The roots which were “hung up” on the chisel severely hindered the 
chisels’ ability to dig the trench. The roots were cleared away, and the tractor continued. 
At the end of the lateral, it was decided that the chisels should be altered to improve their cutting 
ability so that roots would be “cut” and not “pulled” from the trees.  In addition, it was decided 
that the placement of the hose should be moved 6 additional inches on each side, so the placement 
was at 4.5 ft rather than 4 ft from the trees. Also, to minimize the amount of trees at risk from 
severe root damage, the replications would only occur on a 1/2 tee (18 trees) rather on a full tee 
(39 trees). 
Workers removed the shoe from each chisel and welded on a sharp tip to each. A second attempt 
was made to install the 18” deep hoses. Even with the new placement and altered chisels, there 
was root damage (although there weren’t primary roots pulled from the crown). Rather, several 
medium sized roots were again getting “hung up” on the chisels. The tractor had to stop several 
times down the row in order to clear away the roots so the tractor could continue. A decision 
was made to again alter the chisel and create a knife edge in order to minimize root pulling. 
A piece of 1/2” steel was welded to each chisel. This significantly helped the chisels’ ability to cut 
rather than pull the roots. Even so, the process of installing the hoses was very slow. The chisels 
had to be cleared of roots 2 or 3 times per pass. Also, several stops were made along each row to 
dig and determine whether the hoses were being installed at the correct depth. Each pass required 
adjustments to ensure that the hoses were at the proper depth. Adjustments to the height of the 
wheel gauge, angle of the toolbar, and speed of the tractor affected the depth at which the hoses 
were installed. Overall, the installation of two hoses (about 300 ft) down an 18-tree row required 
from 20 to 30 minutes. Five people were needed to complete this process:  one person to drive 
the tractor, two people to feed the hoses into the trench, and two people to make adjustments and 
verify the depth installed. 
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The hose installation at the 12” depth involved different complications. The problems arising with 
the 12” depth installation was the difficulty of getting the hose to the 12” depth. The tendency 
was for the chisel to “skim” the top of the roots; thus, the hose would lie on top of the roots and 
not be deep enough. Again, the installation required several adjustments down a row and several 
checks to ensure that the hoses were deep enough. At this depth, there was root damage, but it 
was not as severe as the damage incurred at the 18” depth. 
The treatment involving a single hose down the middle of the row at the 18” depth was much 
quicker and easier than the installation of the other treatments. There was virtually no 
interference with roots, so there was not a need to constantly remove the roots from the chisels. 
There was a need to check the installed depths though, so the tractor still had to stop several 
times down a row. 
Overall, the process of installing buried drip hoses down forty eight of the 18-tree rows took four 
days, although all of this time was not devoted to hose installation. Rather, much time was 
devoted to making various adjustments: adjustments to the toolbar, alter the chisels, welding steel 
to the chisels, remove chisels for the single hose treatment, check for proper hose depths. All of 
these adjustments were very time consuming. 
In addition, it was decided to set up an observation plot on a part of the field with a coarser soil. 
This plot would only be used for observations; yield data would not be gathered from this area. 
Two rows of each treatment were installed in this area. 
General Observations 
April through June 1994: For the most part, there was a 2-3 ft wetted front on the surface on 
each side of the hose for each treatment. There were no significant wet spots which would hinder 
operations and no standing water prior to May. By the middle of May, a few locations of 
standing water were noticeable, although these incidents were isolated and not representative of 
the whole field. The cases of standing water occurred either in the tractor wheel path or 
immediately next to the berm.  These areas had various dimensions. In some cases the standing 
water was roughly 4 ft by 1 ft; in others the area was 0.5 ft by 20 ft. 
The soil was wettest directly above the hoses except where the implement did not backfill over 
the hoses (i.e. there were gaps/trenches). In these cases, the soil surface was not wet. The soil 
was very wet at the end of the hoses by the road. 
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The experimental block looked a bit “behind” the other “non-experimental” block across the road. 
The flowers were not as developed and had a different color (i.e. they have not developed a 
reddish tint). By May, the non-experimental block had significantly more weeds than the 
experimental block. Initially, it was not clear as to whether this difference could be attributed to 
different herbicide practices or whether the buried drip inhibited weed growth. It was later 
learned that the “non-experimental” block consisted of a different cultivar than the “experimental” 
block. This explained why the non-experimental trees were physiologically more mature than the 
other trees. In addition, it was learned that the timing of cultural practices (spraying and disking) 
was different between the two blocks. This fact explained the difference in weed patterns. So it 
seems that factors other than the irrigation regime influenced certain weed patterns and plant 
maturity. 
In the beginning of April, the leaves/foliage were about 2” long. By April 17, trees were about 
50-60% canopy. By May, the trees were at full canopy. 
Following the rains in April, an unidentifiable disease appeared on the pistachios’ hulls. This 
disease seemed to be superficial,  and the owners were not concerned. Also, no incidence of the 
Alternaria disease were noticed.  Prior to using the drip tape, this disease had been a significant 
problem when the orchard was furrow irrigated. 
July through September 1994: As the season progressed, the amount of standing water increased 
dramatically. In July, there was standing water above virtually every hose. These “ponds” ranged 
from 1 foot to 4 feet wide and generally ran along the entire length of the hose. There did not 
seem to be a difference between treatments concerning the amount of standing water. It also 
appeared as though the water had ponded for a period of time.  There was a significant amount of 
algal growth in the ponds. There was one noticeable exception regarding the standing water. 
There was no standing water above the hose in the treatment with one hose buried at 18” down 
the middle of the row. There was no standing water on the combination treatment because the 
center of the orchard row had been ripped to a depth of 4.5 ft. The furrow irrigation strategy 
called for 10 disking operations. This amount of machinery travel caused soil compaction and 
subsequent water infiltration problems. To alleviate this problem, the grower adopted the practice 
of ripping a 4.5 ft trench down the middle of every other row, alternating rows every second year. 
The grower stated the ripping practice and it's subsequent cost of $30/acre/yr will be discontinued 
with surface drip. Additionally, a cost and energy savings were realized in the reduction from the 
required 10 disking/yr with furrows to 2 disking/yr with surface drip. 
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Prior to summer, it was difficult to determine whether some of the trees were stressed due to the 
root pruning which occurred during the installation of the hoses.  In July 1994, no noticeable 
stress was observed, even on the trees which had large primary roots torn from the tree’s crown. 
Weed Growth Observations 
A system was developed to quantify and qualify the “non-crop” above ground plant growth in the 
field. Three representative locations were chosen down a row for each treatment in the first 
replication. The percent area covered by the “non-crop” was determined by measuring the length 
of cover in between tree rows. The “quality” of the cover was qualified by assigning a number 
from one to five (five representing extremely green, and one representing extremely brown). The 
two numbers were multiplied together to give the “weed index”. 
For example, if 15 ft were covered by weeds in between the tree rows, the percent would be 75% 
(15 ft weeds/20 ft total = 0.75). If the weeds were extremely green, they would be assigned the 
number 5. Thus, the weed index = 75% * 5 = 3.75. Table 2 depicts the weed index for each 
treatment throughout the season. 
Table 2. Average Weed Index for the Trial Plots. 
Apr. 3 Apr. 17 May 14 May 31 June 3 July 6 
Surface 
12” Buried 
18” Buried 
1x1 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
2.79 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.00 
0.00 
0.00 
0.00 
1.50 
1.86 
2.75 
1.75 
Note:	 Weed Index = [% Area Covered * Quality/100] (where quality is ranked from 1 - 5, 
with 5 being the greenest). The cover crop was disked under early in May. 
There was an active cover crop growing in the pistachio field until May 1994. Consequently, the 
“non-crop” plants grew between the tree rows but not on the berm.  Throughout the early season, 
the cover crop was actively growing. There was very little difference in weeds between the 
treatments. The cover crop was disked under in the beginning of May. 
There was a slightly different weed pattern in the treatment with one hose on the berm and one 
hose in the middle of the row. The weeds were noticeably taller in the middle of the row above 
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the hose (about 3 ft tall). Also, the weeds were dying on the edge of the cover crop (near the 
trees) in this treatment. 
The weed index was very low after the cover crop was disked under. Initially, all of the crop 
residue remained but it was dry and brown. (The weed index = 13 ft of weed cover/20 ft x 1 
quality = 0.65, corresponding to the observations in May.) After a few more passes with the disk, 
all that remained was sparse stubble in between the tree rows; this corresponds with the June 
observation of a weed index = 0.0. In July, interesting weed patterns emerged. Weeds only grew 
where the soil surface was wet (i.e. above and around the hoses). The demarcation between 
green, lush weeds and a clean, bare soil surface was clear. For example, for the treatments with 
hoses 4.5 ft from the tree, the weeds grew on the outside of the rows near the berm.  There was 
generally a 6 ft wide clean, bare, weed-free soil surface down the middle of the row.  For the 
treatment with one hose down the middle of the row, the weeds grew down the middle of the 
row. Up to this time, it was not clear if the weed patterns were affected by cultural practices or 
by the irrigation regime. Since it was known that no additional spraying occurred after the 
disking, the different weed patterns could probably be attributed to the placement of the hoses. It 
is also interesting to note that the predominant weed which emerged in July was Purslane.  In fact, 
these Purslane plants were extremely lush and healthy.  Overall, the weeds observed in July 
covered approximately 30% less surface area than the weeds did prior to disking. Each treatment 
had approximately the same amount of weeds, except for the 18” treatment. In this case, the 
weeds covered slightly more surface area (55%) than the other treatments (35%). 
Trunk Growth Observations 
The trunk circumference was measured at the beginning of the experiment. Each measurement 
was taken approximately two feet above the ground which was at a “reference line” which was 
painted on each trunk. Sixteen trees were measured from each treatment and each replication; a 
total of 256 measurements were taken. At the beginning of the experiment, average 
circumferences ranged from 58 to 61 cm for each treatment; standard deviations ranged from 7.3 
to 8.3 cm. Table 3 summarizes the tree circumference data. 
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Table 3. Average 1994 pistachio tree trunk circumference and yield for the trial plots. 
April 94 October 94 Total Change Yield 
Surface 
12” Buried 
18” Buried 
1x1 
61.45 cm 64.04 cm 2.61 cm 3,601 lbs/acre 
58.48 cm 62.14 cm 3.66 cm 2,811 lbs/acre 
59.88 cm 62.95 cm 3.07 cm 3,322 lbs/acre 
60.19 cm 61.49 cm 2.23 cm 3,856 lbs/acre 
Note: Measurements two feet above the ground surface throughout the experiment taken from 
right trees in 2nd and 3rd rows for each replication. The trees were located at the end of 
the hoses next to the road. 
The biggest increase was the 12" buried trial (lowest yield) and the smallest increase was the 1x1 
trial (highest yield). There appears to be some correlation between the increase in circumference 
and the yield. See Table 4 for the yield results. An analysis was done to determine whether there 
was any statistical difference between treatments in terms of the percent growth. This was done 
using the statistical analysis software, Minitab.  The following were the results of the analysis: 
1) Tree circumferences (cm) in April were not statistically different between treatments. 
2)	 Tree circumferences (cm) in September were not statistically different between 
treatments. 
3)	 The change in circumferences (%) from April to September were not statistically 
different between treatments. 
The conclusion was that there was no statistically significant difference in tree circumference 
between treatments (i.e. P > 0.05). 
Water Use 
The applied water was the same for all of the trials. There was not an effort to schedule the plots 
separately. The last page of Attachment 6 records the cumulative applied water for 1994 as 41.4 
inches. The amount of applied water increased slightly to 42.4 inches in 1995. The 1994 and 
1995 average applied water of 41.9 inches represents a reduction of 14.5 inches from the 56.4 
inch furrow irrigation level. The water consumption was monitored by evaluating neutron probe 
readings throughout the growing season. The end-of-month soil moisture tables are included in 
Attachment 4. The data reflect high soil moisture for the 12-inch burial depth and low soil 
moisture for the surface trial. This indicates that the plants were not stressed due to lack of water 
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available on the buried trials. This would indicate that the decreases in yield may have been due 
to a lack of ET occurring as a result of damage to the roots where the drip tubing was shanked. 
Yield Results 
The yield data are summarized in Table 4. The 1994 data show that the 12" buried plot had the 
lowest yield at 2,811 lbs/acre and the combination plot had the highest yield at 3,856 lbs/acre. In 
comparison, the 1995 data on the 12" buried configuration had the highest yield and the 18" 
buried had the lowest yield. The overall yield of 1995 is slightly lower than that of 1994. In 
addition, the 1995 turnout percentages for splits is generally lower and the 1995 turnout 
percentage of non- splits is slightly higher. The turnout percentages are summarized in Table 5. 
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Table 4. Yields For The Various Treatments (in Lbs/Acre). 
1994 Yields for the various treatments. 
Splits Non-Split Blanks Other- Total 
Damaged Inshell 
Surface 
12” Buried 
18” Buried 
Combin. 
2,690 
1,944 
2,449 
2,821 
911 
867 
874 
1,036 
122 
159 
168 
153 
417 
340 
238 
356 
3,601 
2,811 
3,322 
3,856 
1995 Yields for the various treatments. 
Splits Non-Split Blanks Other- Total 
Damaged Inshell 
Surface 
12” Buried 
18” Buried 
Combin. 
1,877 
2,147 
1,649 
1,706 
1,245 
1,099 
966 
1,118 
210 
254 
191 
188 
194 
251 
175 
171 
3,122 
3,246 
2,614 
2,824 
1994 and 1995 averaged yields for the various treatments. 
Splits Non-Split Blanks Other- Total 
Damaged Inshell 
Surface 
12” Buried 
18" Buried 
Combin. 
Furrow 
2,284 
2,046 
2,049 
2,264 
1,345* 
1,078 
983 
920 
1,077 
456* 
166 
207 
180 
171 
61* 
306 
296 
207 
264 
209* 
3,362 
3,029 
2,968 
3,340 
1,800 
Note: The surface trial was the control and was determined by using Lot #1964 for 
turnout percentages and field bin counts. 
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Table 5. Turnout Percentages For The Various Treatments. 
1994 turnout percentages for the various treatments. 
Splits Non-Split Blanks Other- Total 
Damaged 
Surface 
12” Buried 
18” Buried 
1x1 
65.0% 
58.9% 
65.3% 
65.3% 
22.0% 
26.2% 
23.3% 
23.4% 
2.9% 
4.7% 
4.8% 
3.6% 
10.1% 
10.2% 
6.7% 
7.8% 
-
39.0% 
41.5% 
40.6% 
1995 turnout percentages for the various treatments. 
Splits Non-Split Blanks Other- Total I 
Damaged 
Surface 
12” Buried 
18” Buried 
1x1 
60.1% 
66.5% 
63.7% 
60.6% 
39.6% 
33.4% 
35.7% 
38.9% 
6.6% 
7.5% 
7.1% 
6.3% 
6.2% 
7.3% 
6.4% 
5.8% 
41.5% 
40.7% 
42.0% 
41.5% 
1994 and 1995 averaged turnout percentages for the various treatments. 
Splits Non-Split Blanks Other- Total 
Damaged 
Surface 
12” Buried 
18” Buried 
1x1 
62.6% 
62.7% 
64.5% 
63.0% 
30.8% 
29.8% 
29.5% 
31.2% 
4.8% 
6.1% 
6.0% 
5.0% 
8.2% 
8.6% 
6.6% 
6.8% 
-
39.9% 
41.8% 
41.1% 
Note: The surface trial was the control and was determined by using Lot #1964 for 
turnout percentages and field bin counts. 
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1994 yield data summary: 
•	 The 12" buried trial produced the lowest yield increase over the previous furrow  irrigation 
system and was 1,011 lbs/acre.  Root damage caused by the drip line installation had a 
negative impact on the nut yield. 
•	 The greatest increase in yield over the previous furrow irrigation system was 114%  (2,056 
lbs/acre) by the combination surface drip system. The surface drip configuration was the only 
trial in which no root damage was incurred. 
•	 The grower felt the Alternaria problem had been greatly reduced from the preceding year. 
1995 yield data summary: 
•	 Yield increases dropped off considerably compared to the first year of trials, with the 
exception of the 12" buried trial. The 12" buried trial had an increase of 435 lbs/acre over the 
preceding year and a 1,446 lbs/acre increase over the furrow irrigation system.  The root 
damaged sustained with the 12" buried drip line installation procedure was such that the 
cutting chisel skipped over the top of the larger roots leaving them relatively undamaged. 
•	 The 18" buried trial sustained a 708 lbs/acre decrease in yield from the previous year.  This 
might be expected due to the greater root damage sustained when chiseling in the drip hose at 
the greater depth of 18". The larger roots skipped over during the 12" chiseling procedure 
were cut and torn away causing both a greater amount and a greater degree of damage. The 
yield data still represents an increase of 85% over the furrow irrigation system. 
•	 The combination trial decrease of 1,032 lbs/acre was not expected. This trial sustained only 
half the root damage of the 18" buried trial and yet represented the lowest yields for 1995. 
Further investigation may be necessary. 
•	 Even the lowest yield of 1995, represented by the combination trial, demonstrated an increase 
of 57% over the old furrow irrigation system. 
Evaluation of Irrigation System 
The irrigation system for the entire field was evaluated in June 1994. The overall distribution 
uniformity was excellent at 96%. This high value can be attributed to an excellent design of the 
irrigation system. The full evaluation is included as Attachment 2. The evaluation indicated a 
high uniformity between emitters. This can be illustrated in Figure 2 which shows the emitter 
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flowrate variance. In addition, the grower was provided with an AGWATER analysis to aid in 
the planning of the irrigation scheduling for the 1994 crop season. The complete analysis is 
included as Attachment 3.
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Figure 2. Emitter flow rate variation from 60 outlets. 
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ENERGY AUDIT 
The energy audit compared subsurface row crop drip and furrow  irrigation systems. This energy 
audit comparison included on-farm pumping energy, field operations energy, pipe installation 
energy, pipe manufacturing energy, and fertilizer manufacturing energy. The comparison does not 
include the energy required for the following: 
• Manufacture of the pump or pump appurtenances 
• Manufacture of field equipment, such as tractors and implements 
• Water District energy to deliver water to the site. 
The energy required for these items can be substantial. For this report, they were assumed to be 
similar for both systems. 
The drip energy audit is based on actual experience from the first year of operation using the 
system. The furrow irrigation energy audit is based on past practices by the grower. 
To facilitate the analysis of energy use, a detailed estimate of the costs associated for both systems 
was completed. The results are shown in Tables 6, 7 and 8. The irrigation system cost included 
the annualized capital, water, energy, maintenance, and labor expense. The annualized irrigation 
system cost for drip irrigation was $415/acre for 1994 and $418/acre for 1995. The annualized 
irrigation system cost for the furrow irrigation system was $239/acre. The cost does not reflect 
all of the operation costs associated with growing pistachios. It does reflect the differential in 
cost for operating the drip system. 
Key assumptions used in the determination of the energy used included an estimate of the energy 
conversion to Btu per pound of unit. The following are the estimates used in this report: 
Material Energy Unit 
Manufacture of: 
Steel: 29,000 Btu/lb 
PVC: 52,000 Btu/lb 
Aluminum: 123,000 Btu/lb 
PE: 68,000 Btu/lb 
N-Fertilizers: 24,600 Btu/lb of N 
Fuel: 
Electricity: 3,410 Btu/KwH 
Diesel: 140,000 Btu/gal 
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Table 6. 1994 Drip Irrigation System Capital Cost. 
1994 Drip System Capital Costs: 
P u m p  Station/  Filters/  Reservoir 
Bu r ied PVC 
Tubing 
Operation Costs: 
Appl ied Water -614 AF @$40/  af 
Energy Cost - 70,000 kwH  @ $0.10/  k w H  
Labor 
Maintenance Costs: 
P u m p  Station - 5% of Capital Costs 
Tubing - 10% of Capital Costs 
Total Life Annual ized Annua l  /  ac 
$69,100 15 $9,085 $51 
$122,000 30 $12,942 $73 
$50,000 10 $8,137 $46 
$24,560 $24,560 $138 
$7,000 $7,000 $39 
$3,560 $3,560 $20 
$3,500 $3,500 $20 
$5,000 $5,000 $28 
Total Irrigation System Cost (Annualized): $415 
Assumptions: 
Acreage: 
Crop  :
Interest: 
Energy Cost: 
Del ivered Water Cost:  
Pre-Plant Irrigation: 
178 
Pistachios 
10% 
0.10 
$40 
None  
Ac 
Percent 
$/  K w H  
$/  AF 
CEC – Munger-Poonian Farms Report 19 Irrigation Training and Research Center 
Buried Drip Irrigation on Pistachios Study
http://www.itrc.org/reports/burieddrip/burieddrip.pdf                       ITRC Report No. R 96-003
Table 7. 1995 Drip Irrigation System Capital Cost. 
1995 Drip System Capital Costs: 
P u m p  Station/  Filters/  Reservoir 
Buried PVC 
Tubing 
Operation Costs: 
Applied Water -629 AF @$40/  af 
Energy Cost - 70,000 kw H  @ $0.10/  k w H  
Labor 
Maintenance Costs: 
P u m p  Station - 5% of Capital Costs 
Tubing - 10% of Capital Costs 
Total Life Annual ized Annual  /  ac 
$69,100 15 $9,085 $51 
$122,000 30 $12,942 $73 
$50,000 10 $8,137 $46 
$25,157 $25,157 $141 
$7,000 $7,000 $39 
$3,560 $3,560 $20 
$3,500 $3,500 $20 
$5,000 $5,000 $28 
Total Irrigation System Cost (Annualized): $418 
Assumptions: 
Acreage: 
Crop :
Interest: 
Energy Cost: 
Delivered Water Cost: 
Pre-Plant Irrigation: 
178 
Pistachios 
10% 
0.10 
$40 
None 
Ac 
Percent 
$/  K w H  
$/  AF 
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Table 8. Furrow Irrigation System Capital Cost. 
Furrow Irrigation System Capital Costs: 
Total Life Annual ized Annua l /  ac 
Land Planing 
Mainl ine (PVC Lowhead) w  /  Risers 
Installation Costs: 
Labor 
Operation Costs: 
Applied Water -  837 AF @ $40 at $40/  af 
Energy Cost - 145,000 kwH @ $0.10/  k w H  
Labor 
Maintenance Costs: 
Mainline - 5% of Capital Costs 
$9,000 10 $1,465 $8 
$13,000 30 $1,379 $8 
$1,500 1 $1,500 $30 
$11,720 $11,720 $66 
$14,500 $14,500 $81 
$7,120 $7,120 $40 
$1,000 $1,000 $6 
Total Irrigation System Cost (Annualized): $239 
Assumptions: 
Acreage: 
Crop  :
Interest: 
Energy Cost: 
Del ivered Water Cost: 
Pre-Plant Irrigation: 
178 
Pistachios 
10% 
0.10 
$40 
Surface 
Ac 
Percent 
$/  kwh  
$/  AF 
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Table 9. 1994 Drip Irrigation System Differential Energy Audit. 
1994 Drip System Energy Requirements: 
Pump and F i l ters  -  Appurtenances,  s tee l  
Bur ied  PVC 
12" Diameter - Cl 100 
10" Diameter - Cl 100 
8" Diameter - Cl 100 
6" Diameter - Cl 100 
5" Diameter - Cl 160 
3" Diameter - Cl 160 
2" Diameter - Cl 160 
PE -Tubing 
Tubing Installation Energy: 
Tractor  Operat ion -  Hours  us ing d iese l  
Operation Energy: 
Energy Used -  70 ,000 kwH Reported by  Grower  
Cultural Operations (Only Items that are different): 
Tractor  Operat ion -  Hours  us ing d iese l  
Disking (2 Times) 
Ferti l izer 
Fur rowing  
Fertilizer Application - Same for Surface: 
8-24-0
 
N -pHur ic 
  
Quant i ty  Uni t  Lbs/  un i t  Lbs Life MBtu  MBtu  /  ac 
1 Ea 10000 10000 15 19.3 0.11 
750 Ft 7.62 5715 30 9.9 0.06 
779 Ft 5.29 4121 30 7.1 0.04 
4,515 Ft 3.38 15261 30 26.5 0.15 
2,560 Ft 1.92 4915 30 8.5 0.05 
2,496 Ft 2.37 5916 30 10.3 0.06 
3,344 Ft 0.94 3143 30 5.4 0.03 
8,528 Ft 0.63 5373 30 9.3 0.05 
820,000 Ft 0.00400 
(gph)  
3280 
(gal) 
10 22.3 0.13 
10 H r  2 20 2.8 0.02 
70,000 K w H  238.7 1.34 
(gph)  (gal) 
70 H r  4 280 39.2 0.22 
0 H r  4 0 0.0 0.00 
0 H r  4 
(# o f  N  / gal) 
0 
(# of  N)  
0.0 0.00 
5,000 Gal  1.16 5,800 142.7 0.80 
2,500 Gal  1.89 4,725 116.2 0.65 
Pesticide Application - Same for Surface: 
Total Energy Consumption for 1 year: 3.70 
Assumptions: 
Acreage: 
Crop:  
Energy Values:  
Steel: 
PVC: 
A lum inum:  
PE: 
N  -Fertilizers: 
Electricity: 
Diesel: 
Pre-Plant Irr igation: 
178 
Pistachios 
29,000 
52,000 
123,000 
68,000 
24,600 
3,410 
140,000 
N o n e  
Ac 
Btu /  Lb 
Btu /  Lb 
Btu /  Lb 
Btu /  Lb 
Btu /  Lb of  N 
Btu /  K w H  
Btu /  gal 
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Table 10. 1995 Drip Irrigation System Differential Energy Audit. 
1995 Drip System Energy Requirements: 
P u m p  a n d  F i lters -  Appurtenances, steel 
Buried PVC 
12" Diameter - Cl 100 
10" Diameter - Cl 100 
8" Diameter - Cl 100 
6" Diameter - Cl 100 
5" Diameter - Cl 160 
3" Diameter - Cl 160 
2" Diameter - Cl 160 
PE -Tubing 
Tubing Installation Energy: 
Tractor Operat ion -  Hours using diesel  
Operation Energy: 
Energy Used - 70,000 
Cultural Operations (Only Items that are different): 
Tractor Operat ion -  Hours using diesel  
Disking (2 Times) 
Fertilizer 
Furrowing 
Fertilizer Application - Same for Surface: 
8-24-0
 
N  -pHur ic 
  
Quant i ty  Unit  Lbs /  unit  Lbs Life M  Btu M  Btu /  ac 
1 Ea 10000 10000 15 19.3 0.11 
750 Ft 7.62 5715 30 9.9 0.06 
779 Ft 5.29 4121 30 7.1 0.04 
4,515 Ft 3.38 15261 30 26.5 0.15 
2,560 Ft 1.92 4915 30 8.5 0.05 
2,496 Ft 2.37 5916 30 10.3 0.06 
3,344 Ft 0.94 3143 30 5.4 0.03 
8,528 Ft 0.63 5373 30 9.3 0.05 
820,000 Ft 0.00400 
(gph) 
3280 
(gal) 
10 22.3 0.13 
10 H r  2 20 2.8 0.02 
70,000 K w H  238.7 1.34 
(gph) (gal) 
70 H r  4 280 39.2 0.22 
0 H r  4 0 0.0 0.00 
0 H r  4 
(#  o f  N  / gal) 
0 
(# of  N)  
0.0 0.00 
5,000 Gal 1.16 5,800 142.7 0.80 
2,500 Gal 1.89 4,725 116.2 0.65 
Pesticide Application - Same for Surface: 
Total Energy Consumption for 1 year: 3.70 
Assumptions: 
Acreage: 
Crop: 
Energy Values: 
Steel: 
PVC : 
A l u m i n u m  : 
PE: 
N  -Fertilizers: 
Electricity: 
Diesel: 
Pre-Plant Irr igation: 
178 
Pistachios 
29,000 
52,000 
123,000 
68,000 
24,600 
3,410 
140,000 
N  one 
Ac 
Btu/  Lb 
Btu/  Lb 
Btu/  Lb 
Btu/  Lb 
Btu/  Lb of  N 
Btu/  K w H  
Btu/  gal 
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Table 11. Furrow Irrigation System Differential Energy Audit. 
Furrow Irrigation System Energy Requirements: 
Mainl ine -  12" Lowhead PVC 7,200' 
Operation Energy: 
Energy Used -  145,000 KwH Reported by  Grower  
Cultural Operations (Only Items that are different): 
Tractor  Operat ion -  Hours  us ing d iese l  
Disking (10 Times)  
Fert i l izer (5 sidedress appl icat ions) 
Furrowing (5 I r r igat ions)  
R ipp ing (Every  other  row)  
Fertilizer Application - Same for Drip: 
8-24-0
 
N  -pHURIC 
  
Quant i ty  
7,200 
145,000 
350 
175 
175 
35 
5,000 
2,500 
Uni t  
Ft 
K w H  
H r  
H r  
H r  
H r  
Gal  
Gal  
Lbs /  un i t  
3.29 
(gph)  
4 
4 
4 
4 
(#  o f  N  / gal) 
1.16 
1.89 
Lbs 
23688 
(gal) 
1400 
700 
700 
140 
(# of  N)  
5,800 
4,725 
Life 
30 
M  Btu 
41.1 
494.5 
196.0 
98.0 
98.0 
19.6 
142.7 
116.2 
M  Btu /  ac 
0.23 
2.78 
1.10 
0.55 
0.55 
0.11 
0.80 
0.65 
Pesticide Application - Same for Drip: 
Total Energy Consumption for 1 year: 6.78 
Assumptions: 
Acreage: 
Crop:  
Energy Values:  
Steel: 
PVC: 
A  lu m  i n u m  : 
PE: 
N  -Fertil izers: 
Electricity: 
Diesel: 
Pre-Plant Irr igation: 
178 
Pistachios 
29,000 
52,000 
123,000 
68,000 
24,600 
3,410 
140,000 
Surface 
Ac  
Btu /  Lb  
Btu /  Lb  
Btu /  Lb  
Btu /  Lb  
Btu /  Lb  o f  N  
Btu /  K w H  
Btu /  gal  
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The historical operation of the irrigation system utilized a furrow design with a mix of applied 
water sources - 65% ground water and 35% district water. The operation indicated several 
identifiable changes to the grower's operation. There were significant improvements in the 
growers reported yield for the drip irrigation system. The reported water use was less for the drip 
irrigation system. The drip system used district water. The differential energy requirement was 
slightly higher for the drip irrigation system. Table 12 shows that in terms of energy efficiency, 
there is a huge impact due to increased yields on the project. 
Table 12. Water and Energy Use Efficiency for Pistachios. 
1994 Data 
Water Energy Reported Water Use Energy Use 
Use Use Yields Efficiency Efficiency 
(AF/acre) (MBtu/acre) (Tons/acre) (Tons/AF) (Tons/MBtu) 
Col 3 Col 3 
- Col 1­ - Col 2­ - Col 3­ Col 1 Col 2 
Surface Irrigation 
Drip 
Difference 
% Increase for Drip 
4.7 
3.4 
6.78 
3.70 
0.9 
1.8 
0.19 
0.53 
0.13 
0.49 
-1.3 -3.08 0.9 0.34 0.36 
-28% -45% 100% 179% 277% 
1995 Data 
Surface Irrigation 
Drip 
Difference 
% Increase for Drip 
4.7 
3.5 
6.78 
3.70 
0.9 
1.6 
0.19 
0.46 
0.13 
0.43 
-1.2 -3.08 .7 0.27 0.30 
-26% -45% 78% 142% 231% 
Average of 1994 and 1995 Data 
Surface Irrigation 
Drip 
Difference 
% Increase for Drip 
4.7 
3.45 
6.78 
3.07 
0.9 
1.7 
0.19 
0.495 
0.13 
0.46 
-1.25 -3.08 .8 0.305 0.33 
-27% -45% 89% 161% 254% 
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The '94 and '95 averaged data indicate an 89% increase in drip irrigation yield over the pre-CEC 
furrow irrigation configuration. However, there is a drop in yield of 400 lbs/acre from 1994 to 
1995. The drop in yield is reflected in a smaller 1995 gross revenue increase of $1,011/acre. The 
calculation is based on 1,877 lbs/acre of splits at $1.35/lb and 1,245 lbs/acre of non-splits at 
$0.20/lb. 
Table 13 . Investment Efficiency for Drip on Pistachios. 
1994 Results 
Annual Gross Investment 
Irrigation Reported Return Efficiency 
System Cost Yields to Grower (� Return/ 
($/acre) (Tons/acre ($/acre) � Investment) 
- Col 1­
) 
- Col 2­ - Col 3­
Col 3 
Col 1 
Surface 
Drip 
Difference 
% Increase for Drip 
$239 0.9 $1,772 
$415 1.8 $3,545 
$176 0.9 $1,772 10.1 X 
74% 100% 100%  1,007% 
1995 Results 
Surface 
Drip 
Difference 
% Increase for Drip 
$239 0.9 $1,772 
$418 1.6 $2,783 
$179 0.7 $1,011 5.7 X 
75% 78% 57%  565% 
1994 and 1995 Averaged Results 
Surface 
Drip 
Difference 
% Increase for Drip 
$239 0.9 $1,772 
$416.5 1.7 $3,164 
$177.5 0.8 $1,392 7.8 X 
75% 89% 79%  780% 
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From the grower's perspective, the most important aspect is the return on investment. 
•	 For 1994, the grower achieved a 1,800 lbs/acre increase in yield. This represented a gross 
revenue increase of $1772/acre based on a yield breakdown of 2,690 lbs/acre of splits at a 
$1.25/lb and 911 lb/acre of non-splits at $0.20/lb. 
•	 The grower feels the yield increase was due to the response of the trees to drip and the 
decrease of the incidence of Alternaria disease (a spotting on the nuts which is increased 
by high humidity). Table 13 reflects the impact of the cost of the irrigation system and the 
return on investment. 
•	 The payback period is 1 year. The $241,000 cost of the drip system components and their 
installation is quickly offset by the averaged increase in gross revenue of $248,000/ year 
on 178 acres. 
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DISCUSSION 
The performance of the drip irrigation system more than justified the expense for this grower. 
The results indicated a decrease in energy use and an increase in yield. The efficiency of energy 
use on the drip configuration increased by 260% .  The grower also used less water with the drip 
system. Refer to Table 12 and Table 13 for the results of the analysis. It is anticipated that in 
future years, the yields will increase even more due to better tree health. 
The grower believes a major reason for the improved performance of the drip irrigation system on 
pistachios is the reduced incidence of Alternaria.  Prior to drip, the yields were significantly 
impacted by Alternaria causing the hull to dry and the inner nuts to stain.  The drying made the 
nuts difficult to shake off the tree. The staining dramatically reduced the price for the nuts. The 
combination of these factors resulted in losses to about 500 pounds per acre. The 1995 growing 
season witnessed a continued decrease in the incidence of Alternaria damage. The grower believes 
he has now realized a 50% reduction in Alternaria discoloration damage from the previous furrow 
irrigation strategy. He also believes that Alternaria damage will continue to decline into the near 
future. 
One problem with furrow irrigation and to some extent sprinkler irrigation on pistachios is due to 
increased humidity allowing the disease to exist. The problem with those irrigation methods is 
that it is very difficult to keep the trees at optimum moisture. If the nuts were starting to dry, a 
furrow irrigation event would need to be done. The furrow irrigation event would wet up the 
field and bring the moisture up to the desired level. The increased humidity would aggravate the 
Alternaria. In addition, the grower would have to wait until the field dried before a harvest could 
be done. The result was that the time for harvest would be extended and the yield and quality 
would decrease. 
Another factor was that the pistachios respond well to the water regime sustained by the drip 
irrigation system. The trees respond well to the frequent small irrigation amounts. Applied water 
is less, fertilizer requirements are lower, and the plants do better. 
Finally, the Distribution Uniformity (DU) of the drip irrigation system is very high compared to 
the traditional furrow practices. One can see noticeable differences in tree height and vigor along 
the tree rows which have been caused by non-uniform infiltration of water along the rows.  It is 
expected that those differences will become less with time as the drip system is used. 
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Discussion (Subsurface Trials) 
Several benefits may be enjoyed from subsurface drip irrigation on permanent crops as compared 
to surface drip. These benefits may include: 
•	 Herbicide applications may be reduced. 
•	 Injection of nitrogen fertilizers directly to the rootzone may decrease denitrification 
losses and increase nitrogen use efficiency. 
•	 Evaporation losses may be completely eliminated. 
•	 Water savings may be greater. 
•	 Disease problems may be reduced. 
However, in the case of Munger-Poonian the results indicated only minor benefits to going 
subsurface. There were problems with water penetration and lower than expected yields on the 
subsurface trials for 1994. 
One of the problems was water penetration. Water redistribution patterns vary greatly and can 
not always be predicted according to the texture and structure of the soil. There was a possibility 
that the water only rose from the subsurface hoses and did not penetrate deeper into the rootzone. 
This is primarily a water chemistry problem. The water supplied to the farm is from the Friant-
Kern Canal. The water is very "pure" which means there is very little salt (the EC of the 
irrigation water is low, near 0.2 dS/m).  Gypsum was added to the district water to help combat 
this problem in 1995. The gypsum was added as a slurry by means of a large mixing tank, 
agitator, flow meter and valve. The grower noticed a significant drop in his water penetration 
problems from the preceding year. Water spreading on the surface drip system was cut in half. 
However, there was no apparent change in the buried drip trials. The sand chimney effect was 
still present on the buried trials. The grower stated the problem seems to be wide spread among 
his neighbors and none have found a satisfactory solution. The problem and solutions are 
discussed in some depth in the new CEC/ITRC book on Fertigation published in July 1995. 
The magnitude of root damage which occurred during the installation of the system was large but 
not totally unexpected. It was a primary reason that the CEC decided to not require that all of the 
hose on the field be buried. The data seem to indicate that there was an influence of the shanking 
on the yield of the trial plots for the first year. Second year data reinforce the first year 
assumption that the buried drip installation procedure and its subsequent root damage brought 
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about during the chisel installation procedure adversely affected nut yields. There seems to be a 
direct correlation between tree recovery period and the extent of root damage. Lower yields 
continue at the deeper buried drip installations for the 1995 season. The 1995 data indicate an 
increase of yield in only the 12" buried system. The 12" buried trial recovered from root damage 
in the second season. However, the yields for the combination trial and the 18" buried trial show 
a significant decrease from the previous year and seem to still be affected by the shanking
procedure. The control trial also witnessed a decrease in yield, although not as much as the 18" 
buried and the combination buried. This may be due to the seasonal yield fluctuations particular to 
pistachios. 
Weed growth differences were slight between treatments and only tended to show up late in the 
season. There was a small difference in weed growth only on the 18" trial. It was not determined 
whether the difference was due to cultural practices or the trials. 
Differences in the tree circumferences were small and inconclusive. Table 3 records the 12" 
buried trial as having the greatest tree trunk circumference change (3.66 cm) and the lowest nut 
yield (2,811 lb/acre).  Conversely, the combination trial has the smallest tree trunk circumference 
change (2.23 cm) and the greatest nut yield (3,856 lb/acre).  This indicates an inverse correlation 
between the tree trunk circumference change and the nut yield. 
The irrigation system DU of 95% is above industry standards for this type of irrigation system. It 
will be important for the farm to maintain the system in order to keep the DU high over time. 
The 1994 yield data indicated that the option of one surface line (at the base of the tree) and one 
buried line (near the center of the row) returned the greatest results. This was the only option 
that outperformed the control plot in 1994. This option has the additional advantage of allowing 
shanking on both sides of the buried hose to prevent root crimping of the hose in future years. 
However, 1995 data indicate a substantial recovery in the 12 inch buried trial. This trial not only 
had the greatest degree of recovery it also out performed the control trial. The 18 inch and the 
combination trials did not perform as well as the control trial. 
Further Developments 
•	 Surface drip hoses were moved closer to the tree trunks (8") immediately prior to 
harvest. This practice was established by the grower to facilitate both the harvest 
operations-move the hoses out of the machinery travel paths- and it provides a new 
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soil surface for water to contact. In conjunction with moving the drip hose the grower 
also drops the set time from 24 hours to 8 hours and pulses the irrigation system.  This 
results in a smaller wetted surface area. 
•	 The grower has changed all but one block of his pistachio orchard acreage to the 
surface drip configuration. He likes the flexibility, yields and absence of root damage 
this system offers. The last block of Munger pistachios was switched from micro 
spray to surface drip in 1996. The grower does not plan to use subsurface drip again 
on pistachios on the east side of the San Joaquin Valley, since the soil and water 
conditions give infiltration problems. 
•	 A gypsum-slurry machine was added to the project field in 1995. This was 
recommended by the ITRC to aid in water penetration problem on the project field. 
Gypsum was injected into the irrigation water at the rate of 200 ppm.  The grower 
noted a considerable drop in his water penetration problems from the previous year. 
Water spreading on the surface drip was cut in half. In 1996, the grower installed a 
new gypsum injection unit from Hondo Incorporated of Bakersfield. 
•	 The grower has developed some improved operations  He now injects chlorine gas 
continuously (at about 60 lbs/24 hours). He also appears to have improved his overall 
irrigation scheduling practices, using CIMIS data and soil probles, along with some 
neutron probe information from UC extension. However, they do not have a book for 
recording or calculating the required irrigation schedule. One aspect which will 
eventually cause the grower problem is the apparent inattention to injection of 
Trifluralin-5 to combat root intrusion on the buried hose. However, it is possible that 
the buried hose will be abandoned in favor of surface hose, so this will not be an issue. 
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SUMMARY 
The following summarizes the results of this project: 
• CEC Loan:	 $150,000 
• Crop:	 Pistachios 
• Acres:	 178 (8.5 acres of trials) 
•	 Technology Evaluated: Drip Irrigation, buried drip on permanent trees 
compared to surface irrigation 
•	 Yield Increase:  1994 1,800 lbs/acre -100% increase in yield
 1995 1,400 lbs/acre - 78% increase in yield
 Avg. 1,600 lbs/acre - 89% increase in yield 
•	 Energy Savings:1994 Change of 3.08 MBTUs/acre (903 KwH/acre) ­
45% decrease in energy
 1995 Change of 3.08 MBTUs/acre (903 KwH/acre)­
45% decrease in energy
 Avg. Change of 3.08 MBTUs/acre (903 KwH/acre)­
45% decrease in energy 
•	 Water Savings:  1994 Change of 1.3 Ac-ft/acre - 28% decrease in water
 1995 Change of 1.2 Ac-ft/acre - 26% decrease in water 
Avg. Change of 1.25 Ac-ft/acre - 27% decrease in water 
• Fertilizer Savings:	 Negligible. 
This project met or exceeded the goals outlined by the CEC for the Farm Energy Assistance 
Program in terms of energy savings and energy efficiency, but did not result in strong arguments 
in favor of buried drip. The projected goals and actual results are illustrated in Table 14. In 
addition, this project obtained good information on the impact of buried drip on permanent trees. 
The information from this project indicates that a high degree of uncertainty remains regarding the 
viability of buried drip on pistachios on the east side of the San Joaquin Valley. 
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The following reflect the projected results by the grower in the original application: 
•	 Yield Increase: 1,694 lbs/acre 
•	 Energy Savings: 77,550 KwH - equiv. to 1.58 MBTUs/acre 
•	 Water Savings: 2.9 AF/acre 
•	 Fertilizer Savings: 2,000 gallons 
Table 14 illustrates that the actual results were very similar to the projected results in most of the 
measured parameters. 
•	 Averaged yield results of 1,600 lbs/acre compare closely to the projected yield values. 
•	 Although total energy savings were not a projected parameter,  a 45% decrease in the total 
energy was recorded. 
•	 Electrical power savings were similar to the projected at 75,000 KwH. 
•	 Water savings of 1.25 AF/acre were significant but not as great as the excepted value of 2.9 
AF/acre. 
•	  Fertilizer savings were negligible. 
Table 14. Projected And Actual Results Of Drip Irrigation System On Pistachios. 
Yield Increase Total Energy Power Savings Water Savings Fertilizer 
Savings (Electrical) Savings 
Projected 
1994 
1995 
'94 & '95 
Avg. 
1,694 lb/acre - 77,500 KwH 2.9 AF/acre 2,000 gals. 
1,800 lb/acre 3.08 
MBTU/acre 
(903 KwH/acre) 
75,000 KwH 1.3 AF/acre negligible 
1,400 lb/acre 3.08 
MBTUs/acre 
75,000 KwH 1.2 AF/acre negligible
1,600 lb/acre 3.08 
MBTUs/acre 
75,000KwH 1.25 AF/acre negligible 
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Attachment 7
 
Site Photos
 
Figure 7-1. Filtration system next to buffer reservoir. 
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Figure 7-2. Drip tube shanking equipment. 
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Figure 7-3. Tree damage caused by a root ripped from the tree trunk during hose burial. 
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Figure 7-4. A root which was dislodged by the shank. 
Figure 7-5. Not available. 
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Figure 7-6. Pistachios after the cover crop was disked in. May 1994. 
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Figure 7-7. Sign and colored paint band around tree trunk to identify hose treatment. 
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Figure 7-8. Water ponding on the soil surface (in the shade). 
